Introduction
Osteosarcoma is the most common type of cancer that develops in bone, mainly arising from the metaphysis of the long bones. 1 Despite the development of cancer treatment over the past few decades, the prognosis of advanced osteosarcoma still remains poor, mainly due to its resistance to radiotherapy, chemotherapy, and adjuvant therapies. 2 Understanding the molecular mechanism of osteosarcoma is urgently needed for the development of effective therapeutic strategy. 3 MicroRNAs (miRs) are a class of noncoding RNAs 18-25 nucleotides in length and generally lead to messenger RNA (mRNA) degradation or inhibition of translation via directly binding to 3′-untranslated regions (3′-UTRs) of mRNA of their target genes. 4 Through negatively mediating their target genes, miRs are involved in a variety of biological processes, such as cell survival, proliferation, apoptosis, differentiation, migration, and tumorigenesis. 5 Moreover, various miRs have been found to be associated with the development and progression of osteosarcoma and thus may become potential therapeutic targets or candidates.
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Among those miRs associated with human cancers, miR200b has been found to be frequently downregulated in human cancers and generally act as a tumor suppressor. 6, 7 For instance, Yao et al found that miR-200b was significantly downregulated in breast cancer, and the low expression of miR-200b was correlated with late tumor-node-metastasis stage and poor prognosis. 6 Besides, overexpression of miR-200b inhibited the proliferation while inducing the apoptosis of breast cancer cells probably via targeting Sp1. 6 Williams et al found that miR-200b inhibits epithelial-to-mesenchymal transition (EMT), growth, and metastasis of prostate cancer. 7 Besides, it was also suggested to play a suppressive role in some other cancers, such as prostate cancer, cholangiocarcinoma, gastric cancer, bladder cancer, hepatocellular carcinoma, and tongue squamous cell carcinoma. [8] [9] [10] [11] [12] [13] Recently, Li et al reported that diallyl trisulfide treatment inhibited the proliferation, invasion, and angiogenesis of osteosarcoma cells, accompanied with miR-200b upregulation.
14 They further found that enforced expression of miR-200b resulted in the downregulation of Notch1, which could lead to the inhibition of osteosarcoma cell proliferation, invasion, and angiogenesis.
14 Accordingly, miR-200b also acts as a tumor suppressor in osteosarcoma. However, the detailed role of miR-200b in the malignant progression of osteosarcoma and the underlying mechanism still remains to be fully understood.
In this study, we examined the expression pattern of miR200b in osteosarcoma specimens. Moreover, we investigated the role of miR-200b in the regulation of the malignant phenotypes of osteosarcoma cells and the underlying mechanisms.
Materials and methods clinical specimens
The study was approved by the Ethics Committee of Central South University, Changsha, People's Republic of China. A total of 32 cases of osteosarcoma specimens and their matched adjacent nontumor tissues were obtained from Xiangya Hospital of Central South University between March 2010 and March 2013. All patients with osteosarcoma included 14 females and 18 males who ranged in age from 13 to 43 years, with a mean of 27.7 years. The clinicopathological information of patients involved in our study is summarized in Table 1 . Before surgical resection, no patient received radiotherapy or chemotherapy. Tissue samples were stored at -80°C before use. Written consents have been obtained from all participants.
cell culture
Human osteosarcoma cell lines U2OS, Saos2, HOS, and MG63 and normal osteoblast cell line NHOst were purchased from the Cell Bank of Central South University. All the cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM; Thermo Fisher Scientific, Waltham, MA, USA) added with 10% fetal bovine serum (FBS; Thermo Fisher Scientific), 100 IU/mL penicillin, and 100 IU/mL streptomycin. Cells were cultured at 37°C in a humidified atmosphere with 5% CO 2 .
Transfection
To overexpress miR-200b or knock down miR-200b, U2OS and MG63 cells were transfected with miR-200 mimics or miR-200b inhibitors (RiboBio Co., Ltd., Guangzhou, People's Republic of China) for 48 hours by Lipofectamine 3000 (Thermo Fisher Scientific) in accordance with the manufacturer's instructions. The cells transfected with scramble sequence were used as a negative control.
In order to knock down the expression of ZEB1, we transfected ZEB1 small interfering RNA (siRNA) with the final concentration at 200 nmol (catalog number: Q000006935-1-B, RiboBio Co., Ltd.) into U2OS and MG63 cells by Lipofectamine 3000 (Thermo Fisher Scientific) in accordance with the manufacturer's instructions. After 48-hour transfection, the cells were used for further analysis.
real-time reverse transcription Pcr assay
Total RNA was extracted using TRIzol reagent (Thermo Fisher Scientific) according to the manufacturer's instructions. MicroRNA reverse transcription kit (Thermo Fisher Scientific) was used to convert 10 ng of total RNA into complementary 
Bioinformatics prediction
We screened the target genes of miR-200b using algorithms such as PicTar, 16 TargetScan, 17 and miRanda. 18 luciferase reporter gene assay
The full-length 3′-UTR of ZEB1 was amplified from human genomic DNA and then cloned into the downstream of the firefly luciferase coding region of pMIR-GLOTM Luciferase vector (Promega Corporation, Fitchburg, WI, USA), named as pMIR-ZEB1. Mutations of miR-200b binding sites were introduced by site-directed mutagenesis, which was then cloned into the downstream of the firefly luciferase coding region of pMIR-GLOTM Luciferase vector, named as pMIR-Mut ZEB1. The site-directed mutagenesis was performed in RiboBio Co., Ltd. After that, U2OS and MG63 cells were seeded into 24-well plates and cotransfected with 200 ng of pMIR-ZEB1 or pMIR-ZEB1-Mut vector and 100 ng of miR-200b mimic or scramble miR mimic, and the pRL-TK plasmid (Promega Corporation) as internal normalization. Cells were harvested after 36 hours and lysed using the lysis buffer (Promega Corporation). Luciferase reporter gene assay was conducted by the Dual-Luciferase Reporter Assay System (Promega Corporation), in accordance with the manufacturer's instructions.
cell proliferation assay U2OS and MG63 cells were seeded in a 96-well plate at a density of 10,000 cells per well. After culturing for different times, U2OS and MG63 cells were incubated with MTT (0.5 mg/mL; Thermo Fisher Scientific) for 4 hours at 37°C, and then DMSO (150 mM) was added to dissolve the formazan crystals. The absorbance was read at 570 nm using a multiwell scanning spectrophotometer reader (Runqee (Shanghai) Instruments Technology Co., Ltd).
cell migration assay U2OS and MG63 cells were cultured to full confluence. Wounds of ~1 mm width were created. U2OS and MG63 cells were washed and then incubated in DMEM added with 10% FBS for 36 hours at 37°C. After that, U2OS and MG63 cells were fixed with 90% alcohol and observed under an inverted microscope (Olympus Corporation, Tokyo, Japan). The relative migratory rate was calculated by measuring the width of scratch of each group and then normalizing to the width of scratch of control group at 0 hour.
cell invasion assay
U2OS and MG63 cell suspension containing 5×10 5 cells/mL was prepared in serum-free DMEM, and 300 μL of cell suspension was added into the upper chamber of the transwell chambers (BD Pharmingen, San Diego, CA, USA), which had been precoated with Matrigel. Then, 500 μL of DMEM added with 10% FBS was added into the lower chamber. After incubation for 24 hours at 37°C, cells that did not invade through the pores were carefully wiped out by a cotton-tipped swab. The filters were fixed in 90% alcohol and stained by 0.1% crystal violet. Cells through the pores were observed and counted under an inverted microscope (Olympus Corporation). 
statistical analysis
Results
MiR-200b is significantly downregulated in osteosarcoma and is associated with malignant progression
In this study, real-time reverse transcription PCR was first performed to determine the expression levels of miR-200b in osteosarcoma tissues as well as their matched adjacent nontumor tissues. As shown in Figure 1A , the miR-200b levels were significantly decreased in osteosarcoma specimens when compared to their matched adjacent nontumor tissues. To further confirm that miR-200b is downregulated in osteosarcoma, we further examined its expression in four common human osteosarcoma cell lines (U2OS, Saos2, HOS, and MG63) and the normal osteoblast cell line NHOst. As demonstrated in Figure 1B , the expression level of miR-200b was also decreased in osteosarcoma cell lines compared to NHOst cells.
The patients with osteosarcoma were further divided into two groups according to the mean value of the miR200b expression as the cutoff point. As shown in Table 1 , 19 cases of patients with osteosarcoma (59.38%) were in low-miR-200b-level group, and 13 cases of patients with osteosarcoma (40.63%) were in high-miR-200b-level group. We further analyzed the association of miR-200b levels with clinicopathological features of osteosarcoma. We found no statistically significant association of miR-200b level with the age, sex, and tumor size (both P.0.05; Table 1 ). However, the high-grade osteosarcoma (grades III and IV) showed lower miR-200b levels compared to the low-grade osteosarcoma tissues (grades I and II) (P,0.001; Table 1 ). Besides, low miR-200b level was also associated with positive distant metastasis (P,0.001; Table 1 ). Accordingly, we demonstrated that the lower miR-200b level was associated with the higher malignance of osteosarcoma and suggested that the downregulation of miR-200b might be involved in the malignant progression of osteosarcoma.
enforced expression of mir-200b inhibits the proliferation, migration, and invasion of osteosarcoma cells As U2OS and MG63 cells showed the significant decrease in miR-200b levels, these two cell lines were transfected with miR-200b mimic to restore the expression level of miR-200b. As shown in Figure 2A , miR-200b was significantly upregulated in U2OS and MG63 cells transfected with miR-200b mimic, when compared to the control group, respectively. MTT assay was then conducted to examine the cell proliferation. As demonstrated in Figure 2B and C, enforced expression of miR-200b led to a significant decrease in proliferation of U2OS and MG63 cells, suggesting that miR-200b plays a suppressive role in osteosarcoma growth. We then investigated the role of miR-200b in the regulation of the migration and invasion of osteosarcoma cells. As shown in Figure 3A , enforced expression of miR-200b inhibited the migration of U2OS and MG63 cells, when compared to the control group. Similarly, enforced expression of miR-200b also led to a significant reduction in U2OS and MG63 cell invasion ( Figure 3B ). It is possible that the inhibition of cell migration and invasion of osteosarcoma cells caused by overexpression of miR-200b and downregulation of ZEB1 may be partially due to the inhibition of cell proliferation. Therefore, we suggest that miR-200b may also act as a tumor suppressor in osteosarcoma metastasis.
Mir-200b directly targets ZeB1 in osteosarcoma cells
TargetScan, PicTar, and miRanda were further used to predicate the putative target genes of miR-200b. As demonstrated in Figure 4A , ZEB1 is a putative target gene of miR-200b. Luciferase reporter assay was further conducted in 293T cells to confirm this predication ( Figure 4B ). As shown in Figure 4C and D, cotransfection with pMIR-ZEB1 plasmid and miR-200b mimic markedly decreased the luciferase activity, while cotransfection with pMIRMut ZEB1 plasmid and miR-200b mimic showed no effect on the luciferase activity. Accordingly, these data indicate that miR-200b directly binds to the 3′-UTR of ZEB1 mRNA.
After that, we further determined the effects of miR-200b levels on the expression of ZEB1 in osteosarcoma cells. First, U2OS and MG63 cells were transfected with miR-200b mimic or inhibitor to upregulate or downregulate its expression, respectively. As demonstrated in Figure 5A 
Knockdown of ZeB1 also inhibits the proliferation, migration, and invasion of osteosarcoma cells
As miR-200b negatively mediated the protein level of ZEB1 in osteosarcoma cells, we speculated that ZEB1 might be involved in miR-200b-mediated inhibition of osteosarcoma growth and metastasis. We found that ZEB1 was notably upregulated in osteosarcoma cell lines compared to normal osteoblast cell line NHOst ( Figure 6A ). After that, U2OS and MG63 cells were transfected with ZEB1 siRNA to downregulate its expression. As demonstrated in Figure 6B , the protein level of ZEB1 was significantly reduced after transfection with ZEB1 siRNA in U2OS and MG63 cells. We further examined the cell proliferation, migration, and invasion. Similar to the effects of miR-200b upregulation, knockdown of ZEB1 led to a significant decrease in the proliferation ( Figure 6C ), migration ( Figure 7A ), and invasion ( Figure 7B ) in MG63 and U2OS cells when compared to the 
Expression of ZEB1 is significantly increased and reversely correlated to mir-200b levels in osteosarcoma tissues
Finally, we detected the protein levels of ZEB1 in osteosarcoma tissues and their matched adjacent nontumor tissues. Our data showed that the protein expression of ZEB1 was significantly increased in osteosarcoma tissues compared to their matched adjacent nontumor tissues ( Figure 8A) . Moreover, we showed a reverse correlation between the miR-200b expression and ZEB1 expression in osteosarcoma tissues ( Figure 8B ). These data further suggest that the upregulation of ZEB1 in osteosarcoma may partly be at least due to the downregulation of miR-200b.
Discussion
Some miRs have been demonstrated to be deregulated and act as a tumor suppressor or oncogene in osteosarcoma. Han et al reported that miR-124 was significantly downregulated in osteosarcoma, and low expression of miR-124 was associated with advanced clinical stage, positive distant metastasis, poor response to neoadjuvant chemotherapy, and poor prognosis. 19 MiR-194 was found to suppress osteosarcoma cell proliferation and metastasis by targeting CDH2 and IGF1R. 20 Recently, Li et al reported that miR-200b was lost in osteosarcoma.
14 However, the exact role of miR-200b in osteosarcoma and the underlying mechanism remains still to be fully uncovered. In this study, we found that miR-200b was frequently downregulated in osteosarcoma tissues and cell lines. Moreover, reduced miR-200b expression was correlated with the advanced clinical stage and positive metastasis of osteosarcoma, suggesting that deregulation of miR-200b is involved in the malignant progression of osteosarcoma.
We further showed that enforced expression of miR-200b led to a significant decrease in the proliferation, migration, and invasion of osteosarcoma cells, suggesting that miR200b acts as a tumor suppressor in osteosarcoma. In fact, the suppressive role of miR-200b has also been demonstrated in some other cancer types. 21, 22 For instance, miR-200b inhibits cell proliferation, migration, and enhanced chemosensitivity by inhibition of Bmi-1 in prostate cancer. 8 Kurashige et al demonstrated that miR-200b suppressed cell proliferation, invasion, and migration of gastric carcinoma cells by directly targeting ZEB2. 21 Besides, miR-200b suppresses cell growth, migration, and invasion of nasopharyngeal carcinoma cells by targeting Notch1. 23 However, several studies also reported that miR-200b played an oncogenic role in several cancer types. Fu et al showed that miR200b stimulates the growth of TGFBR2-null colorectal cancer by inhibition of p27/kip1. 24 Besides, miR-200b was also found to target the tumor suppressor PTEN and thus act as an oncogene in endometrioid endometrial carcinoma. 25 Therefore, the exact role of miR-200b seems to be tumor-specific.
As the function of miRs is through negatively mediating the expression of their target genes, 26 we further focused on the putative targets of miR-200b and found that miR-200b directly targeted ZEB1 and negatively mediated its protein expression in osteosarcoma cells.
ZEB1 is a member of the deltaEF1 family of twohanded zinc-finger factors and acts as a transcriptional factor. 27 It has been well established that ZEB1 is involved in the malignant progression of multiple types of human cancers. 27, 28 For instance, overexpression of ZEB1 promotes tumor invasiveness and confers unfavorable prognosis in esophageal squamous cell carcinoma. 29 Besides, upregulated expression of ZEB1 in cancer cells and in stromal cancerassociated fibroblasts was associated with poor prognosis of patients with pancreatic ductal adenocarcinoma. 28 Moreover, ZEB1 is an epithelial-to-mesenchymal inducer and plays a promoting role in cancer metastasis. 30 Recently, ZEB1 was found to be significantly higher in the osteosarcoma tissues when compared with that in normal bone tissue, and the increased ZEB1 level was associated with positive lung metastasis. 31 In this study, we found that ZEB1 was significantly upregulated in osteosarcoma cells compared to normal osteoblast cell line NHOst, and knockdown of ZEB1 suppressed the proliferation, migration, and invasion of osteosarcoma cells, suggesting that ZEB1 may be involved in miR-200b-mediated malignant phenotypes of osteosarcoma cells. Shen et al also found that knockdown of ZEB1 led to a significant decrease in osteosarcoma cell migration. 31 In addition, ZEB1 was also mediated by other miRs in osteosarcoma. For instance, miR-141 and miR-429 were found to inhibit cell proliferation while inducing cell apoptosis via targeting ZEB1 in osteosarcoma cells. 32, 33 Furthermore, ZEB1 is also targeted by another member of miR-200 family, miR-200c, in gastric cancer, breast cancer, and head and neck squamous cell carcinoma. [34] [35] [36] Elevated expression of ZEB1, an EMT inducer, enables tumor cells to detach from the primary tumor and invade into the surrounding tissue. 37 And miR-200 family, including miR-200b and miR-200c, is the antagonist of ZEB1 in controlling EMT, and there is a double-negative feedback loop between miR-200 family and ZEB1. [38] [39] [40] Thus, it seems conceivable that there is an interaction of miR-200 family that regulates EMT by targeting ZEB1.
Finally, we showed that ZEB1 was frequently upregulated in osteosarcoma tissues compared to their adjacent normal tissues, and its expression was reversely correlated to the miR200b levels in osteosarcoma tissues. These findings further suggest that the upregulation of ZEB1 in osteosarcoma may partly be at least due to the downregulation of miR-200b.
Conclusion
In conclusion, this study demonstrated that miR-200b was frequently downregulated in osteosarcoma and the reduced expression of miR-200b was associated with the malignant progression of osteosarcoma. In vitro study revealed that miR-200b plays a suppressive role in mediating the proliferation, migration, and invasion of osteosarcoma cells probably via directly inhibiting the protein expression of its target gene ZEB1. Therefore, miR-200b/ZEB1 may be a potential therapeutic target for osteosarcoma.
